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A CONSIDERABLE amount of work has already been done upon the 
action of ultra-violet light upon the eye, but it was considered 
expedient to undertake the present research since in some respects 
prior investigations are contradictory and require amplification. 
The object in view was two-fold : it was hoped to elucidate further 
the local therapeutic action of short-waved light in diseases of the 
anterior segment of the eye (see Duke-Elder, 1926-8) and to provide 
some criterion with regard to dosage, and the results are to be taken 
in correlation with the physico-chemical studies upon which we are 
at present engaged on the pathogenesis of cataract. 

The first work of scientific value which was done upon this 
question was that of’ Widmark (1889-1903). Using a powerful 
carbon arc (1,200 c.p.) in the experimental radiation of the eyes of 


*The experimental part of this research was done at the Department of 
Physiology, University College, the pathological part at the Royal London 
Ophthalmic Hospital. The expenses were partially defrayed by a grant from the 
British Journal of Ophthalmology. 
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rabbits, he got a typical photophthalmic reaction, an acute con- 
junctivitis with chemosis and purulent secretion, a desquamation of _ 
the corneal epithelium, and, with strong doses, the formation of a 
corneal opacity, and a miosis and discolouration of the iris. With 
long exposures (2 to 4 hours) to more powerful arcs (4,000 c.p.) he 
obtained opacities in the lens when the animal was atropinized ; 
with mild doses he noted karyokinesis and cellular proliferation in 
the capsular epithelium, changes which developed into swelling 
and partial déstruction of the epithelium and of the anterior lens 
fibres, with the transudation of fluid between the lens capsule and 
the cortex. He further showed that the ultra-violet portion of the 
spectrum was responsible for these changes, since none were 
observed if these rays were cut off by glass or quinine solution. 
Following this pioneer work similar changes were recorded in the 
cornea and conjunctiva of experimentally radiated animals by 
Bresse (1891), Ogneff (1896), and Strebel (1901), but none of these 
obtained lenticular opacities. Presumably these were difficult to 
produce; it is to be noted that Widmark employed very much 
stronger doses of light, and even thus obtained them in four only 
out of eleven cases. Herzog (1903), on the other hand, again 
using rabbits, obtained some definite cataractous changes, in the 
production of which, however, heat was not altogether excluded. 


In the same year, Hertel (1903), attracted by the therapeutic 
value of light, carried out more detailed microscopic observations. 
In the cornea he found considerable changes in the epithelium : 
karyokinesis, vacuole-formation, with swelling and proliferation 
of the corneal corpuscles. Birch-Hirschfeld (1903-10) corroborated 
and amplified these observations, and, in addition, described an 
iritis with the deposition of fibrin in the anterior chamber and wide- 
spread changes in the retina. These last involved chromatolysis 
and vacuole-formation in the ganglion cells, and changes involving 
essentially a loss of chromatin in the nuclear layers; they were 
observed to be very much more marked in the aphakic rabbit than 
in the intact one. In one experiment, in an aphakic rabbit, he 
described myelin degeneration in the optic nerve. Changes of a 
somewhat analogous nature in the optic nerve were reported by 
Mettey (1903). 

None of these investigators detected any pathological alterations 
in the lens, even though they had been looked for. Hess (1907), 
however, experimenting on frogs, guinea-pigs, and rabbits with 
the mercury vapour lamp, obtained definite changes in the anterior 
sub-capsular cells. In a region corresponding to the pupillary aper- 
ture these were found to be swollen, and their nuclei were repre- 
sented by scattered chromatin granules extruded from the still 
visible nuclear membrane. Surounding this area Hess described a 
ring of heaped-up deeply staining cells, which he described as an 
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epithelial ‘‘wall.’’ Parsons (1909-10) and Martin (1912) repeated 
these experiments, and one rabbit showed appearances resembling 
those described by Hess. Birch-Hirschfeld (1909) also, in a later 
experiment, after exposing a rabbit’s eye on three successive days 
for five minutes to the light from an arc lamp which traversed first a 
‘“‘euphos glass,’’ obtained somewhat similar changes in the lens 
capsule; he accordingly concluded that the longer ultra-violet rays 
(about 4,000 A.U.) and probably the shorter blue and violet, were 
responsible for the reaction. The whole question was thoroughly 
gone into again by Verhoeff and Bell (1916). They showed that 
the characteristic effects were produced by light of wave-length 
shorter than 3,050 A.U.; they demonstrated the corneal changes 
and suggested that the most characteristic of these was the break- 
ing up of the cytoplasm into eosinophilic and basophilic granules ; 
they produced widespread effects on the lens capsule, again involv- 
ing the formation of eosinophilic and basophilic granules, and, 
with intense exposures, superficial damage to the substance of the 
lens ; they found considerable congestion of the iris; but they were 
quite unable to produce any ill-effects upon the retina. 

In 1918, Chotzen and Kutznitzky again investigated the ques- 
tion, radiating rabbits in five minute doses with a quartz mercury 
vapour lamp; they obtained marked changes only in the conjunctiva 
and cornea; there was depigmentation of the iris, but no evidence of 
actual inflammation here or in the uveal tract, and retinal damage 
could not be detected. Politzer and Alberti (1924), on investigating 
the effect of ultra-violet on salamander larvae, observed lesions of 
the corneal epithelium, and noted a diminution of mitosis with 
pigmentary changes and subsequent increase of melanophores. 
Finally, Toulant (1926) carried out a histological research on 
radiated rabbits’ eyes, and although he found corneal and con- 
junctival changes, he observed no reaction in the iris or the lens. 


EXPERIMENTAL TECHNIQUE 


Rabbits were employed throughout the experiments; they were 
radiated with a quartz mercury vapour lamp (K.B.B., 240 volts, 
2/3 amps.) at a uniform distance of one foot for a period of ten 
minutes. The spectrum of the lamp did not extend beyond 6,000 
A.U., so that only ultra-violet and visible light were in question, 
without any contamination with infra-red rays. The dose was 
based upon the results of some preliminary experiments (Duke- 
Elder, 1926), as one which gives a marked, but not an excessive 
reaction to ultra-violet rays. The dose of light, therefore, while 
considerably above that which may be used clinically (Duke-Elder, 
1928), was not greatly in excess of it. Cocaine was instilled into 
the eye before radiation, and if the animal closed the eye or moved 
during radiation, the lids were kept open by hand. Throughout 
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the course of the experiment the cornea was. kept moist by a saline 
drip. Sixty-four animals in all were employed, one eye in each 
case being used as a control, and they were killed at periods vary- 
ing from two hours to ten days after the experiment. Immediately 
after death the eyeS were excised, placed in Zenker’s solution, 
imbedded in celloidin, cut in serial sections, and stained, some by 
haematoxylin and eosin, some by Mann’s stain, and some by van 
Gieson’s method. The changes observed are detailed below. As 
a control, excised eyes (dead) were radiated, which on subsequent 
section showed no change. In a few experiments dogs were 
employed, and these showed changes comparable with those 
observed in rabbits. 


CLINICAL SYMPTOMS 


The majority of the clinical symptoms which appear after radia- 
tion of the rabbit’s eye with ultra-violet rays are already well 
known, and they will therefore be recapitulated briefly. Initially 
there is a latent period during which no effects are visible; this 
applies both to clinical signs and to histological changes ; its signifi- 
cance will be commented upon later. It varies in length inversely 
as the severity of the exposure ; with the exposures used it averages 
from four to six hours. Thereafter the conjunctiva becomes pink 
and hyperaemic, the inflammation gradually increasing in intensity 
until it involves oedema and chemosis, with the appearance of a 
varying amount of secretion which eventually may become frankly 
purulent. Meantime, in the early stages, the cornea shows a slight 
irregularity of its reflex and stippling of the surface which takes on 
a stain with fluorescein. The staining area gradually increases 
centrally, due to desquamation of the epithelium, but the edges of 
the area involved rarely show a well-defined margin. Examination 
with the ultra-violet slit-lamp in the fluorescent light obtained with 
the stain shows that this tailing off of the staining effect is due to a 
loss of the superficial cells in the neighbouring area producing a 
region of partial desquamation surrounding the central area of 
complete exfoliation. Meantime the central part of the cornea 
becomes somewhat hazy and oedematous, definite vesicles being 
occasionally formed under the epithelium. The clinical picture is 
at its height between thirty-six to fifty-four hours after radiation ; 
thereafter it gradually clears up, until, four or five days later, the 
cornea becomes clear again, the conjunctival injection dies down, 
and the eye becomes normal in eight to ten days’ time. 

With the cornea hazy and oedematous, examination of the 
interior of the eye is difficult. The iris, however, obviously shows 
a considerable inflammatory reaction. The pupil is contracted, and 
the anterior surface of the iris loses its characteristic pattern and be- 
comes muddy ; a considerable amount of vascular congestion is seen 
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with occasional large vessels, and very occasionally, actual haemor- 
rhages may appear. These changes tend to clear up rapidly, about 
the fourth or fifth day. Examination with the loupe in no case 
revealed any changes in the lens; but occasionally the slit-lamp 
revealed slight changes in the anterior part of the lens with the 
formation of fluid clefts and vacuoles. © 

Lesser exposures than those employed as a routine produced, 
after a long latent period, similar but less severe changes 
in the cornea and conjunctiva, which cleared up in a corres- 
pondingly short space of time. More intense and prolonged 
exposures shortened the latent period, and produced an early 
and widespread desquamation of the corneal epithelium, 
accompanied by much opacity and thickening of the substantia 
propria, which became sodden and soft. In about a week the 
reaction had died down, leaving a highly vascularised interstitial 
opacity, which, in the course of three or four weeks cleared up to a 
surprising extent. These severe exposures are accompanied by a 
correspondingly severe conjunctivitis with chemosis and profuse 
discharge; but the structures inside the eye remain relatively 
unaffected. This immunity of the inner eye in these cases is prob- 
ably due to the intensity of the corneal reaction cutting off the 
greater part. of the shorter abiotic rays and thus protecting the 
structures behind. 

The subjective symptoms would seem to correspond closely with 
those characterising the photophthalmic reaction in the human 
subject (see Duke-Elder, 1926). There appears to be no reaction 
during the latent period, while the commencement of corneal 
trouble is accompanied by all the signs of photophobia. This is 
evidently due to exposure of the free nerve endings in the cornea: 
if the cornea is protected during radiation the violent conjunctivitis 
is apparently accompanied by no distress, a circumstance seen in 
the human subject; and in the more severe exposures, where the 
whole central cornea has been destroyed, the evidences of subjective 
irritation are correspondingly less. It is interesting that between 
the latent period and the commencement of acute symptoms, at the 
time when corneal oedema is very obvious, and when in the human 
subject typical halos are most evident (Duke-Elder, 1927), the 
cornea becomes practically anaesthetic. 


Although no concentrating lenses were used in these experiments, the central portion 
of the cornea was always that most affected. This is due to the greater direct absorp- 
tion of the rays here; towards the periphery there is a considerable loss of energy 
owing to reflection, since the cornea is normal to the incident light in its central area, 
but is inclined at a considerable angle near the margin. The amount of energy 
absorbed will therefore follow Lambert’s law, which states that the energy absorbed 
is in direct proportion to the cosine of the angle of incidence of the light. 

It is this condition which is seen clinically in the solar photophthalmia met with in 
snow fields (snow blindness, keratitis nivalis), on deserts, and on the tropical seas, 
when the direct ultra-violet light from the sun is reinforced by reflection from exten- 
sive surfaces. It is also seen in the industrial photophthalmia (photophthalmia 
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electrica) met with in welders, workers with arc lamps, cinema artists, and others who 
are exposed to excessive short-waved light, or is met with after accidents, such as the 
short-circuiting of a high-tension current, or exposure to a flash of lightning. 


HISTOLOGICAL CHANGES | 
1. THE CORNEA. 


| There is no observable histological change after radiation 
/ until four hours have elapsed. At this time the arrangement 
of the epithelial cells remains unaltered, and their regular 
Stratification is unimpaired, but here and there, both in the 
superficial and basal cells, some spacing out and swelling are 
evident. The nuclei of some of the more superficial cells contain 
some acidophil granules which take on a sharply defined eosin 


Fig. 1. 
The normal cornea of the rabbit 

(Haematoxylin and eosin.) 
stain, while most of the cell nuclei are normally coloured blue. 
| Some nuclei contain partly red granules and partly blue, and some 
few are uniformly red ;/some of the red staining nuclei become 
swollen, the contour of the nucleus being bulged irregularly out- 
wards. On the other hand, other nuclei contain basophil granules, 
which are occasionally heaped up together to form nucleolar-like 
structures in the substance of the nucleus, which are frequently 
surrounded by a clear area resembling a vacuole. At this stage 
the changes are limited to the epithelium, and while the substantia 
propria and the endothelium appear normal; there is no sign of 
infiltration round the limbus, nor have any subjective signs of 
irritation become evident. Clinically, the latent period is still 

present. 

After six hours the same changes are much more evident. A large 
number of nuclei take on the red stain, but it is noticeable that side 
by side with these are many apparently normally staining cells. 
The basal cells appear more widely spaced out and show evidences 
of oedema, and the arrangement of the superficial layers becomes 
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somewhat irregular (Fig. 2). At the eight hour stage the more 
superficial cells in the central area begin to be cast off. The patho- 
logical changes are most noticeable after twelve hours. A large 
number of the nuclei of the epithelial cells take on the red stain 
markedly ; some remain granular, in others the granules appear to 
have coalesced to form amorphous red bodies in the interior of the | 


Fia. 2. 


The cornea 8 hours after radiation. The basal cells of the epithelium 
are swollen, and many nuclei are taking on the altered staining reaction. 
There is as yet no evidence of desquamation. 


nucleus (Plate I, Fig. 2). These are of varying sizes; some- 
times they fill the entire nucleus, sometimes one or two 
small granules are present inside the nucleus, in which case | 
they usually appear surrounded by a _ vacuole-like space; 
sometimes they bulge out of -the nucleus, deforming it; 
and occasionally they escape from the nuclear membrane 
altogether (Figs. 3 and 4). Occasionally a cluster of these bodies 
of various sizes lies in a position where a nucleus has apparently 
disintegrated, leaving the remains of its nuclear membrane. In 
other cells the changes are less marked: the nucleus may stain 
a purplish colour, and may contain one or two isolated red granules, 
or perhaps none at all. On the other hand, many nuclei retain 
their blue staining. Of these some show a granular appearance; in 
others the granules are aggregated into masses ; while in others the 
general basophil staining is relieved by one or more highly refrac- 
tile red granules. Other cells, frequently in close proximity to 
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those showing the most marked changes, remain to all appearances 
quite normal. In the cytoplasm both basophil and eosinophil 
granules are frequently found, but, although it is not possible to say 
so definitely, it is probable that these are largely derived from the 
nuclei: certainly these last are the site of the most pronounced 
changes. At the stage of sixteen hours these red bodies are very 
numerous, large numbers of them being included within the nuclear 
/ membrane or extruded into the cytoplasm (Plate I, Fig. 1). 

Meantime in the central area desquamation is proceeding. 
Round the desquamating area there is frequently, but not invari- 
ably, a heaped-up region of the epithelium, where layers of cells 
without any appearance of regular stratification, and showing 
marked staining changes and nuclear disintegration, are arranged 
indiscriminately eight or ten thick. Such a proliferated area of the 
epithelium usually tails off gradually to a single layer of malformed 
cells, which itself ultimately disappears leaving the cornea com- 
pletely denuded of epithelium. At other times the epithelium 
appears to have been more or less abruptly cast off leaving the 
normal stratification, as it were, in mid-air. There are one or two 
mitotic figures, but, even where the cells appear to have prolifer- 
ated, mitosis is very rare indeed (Plate 1, Fig. 3). 

Meantime the substantia propria shows somewhat similar 
changes which gradually decrease in intensity in the deeper layers. 
The nuclei stain deeply with methylene blue, and then begin to 
fragment. About the sixteen hour stage there is a large number 





Fic. 3. 


A typical “‘inclusion body ”’ enclosed in a vacuole-like space. Some 
of the other nuclei show early changes (12 hours after radiation). 























PLATE I. 














Fic. 1. 
The corneal epithelium 16 hours after radiation showing well-marked nuclear changes. 























Fic. 2. Fic. 3. 
The epithelium 8 hrs. The epithelium 24 hours after radiation showing a heaped-up 
after radiation. ‘wall’ and a central desquamated area. 























The lens capsule 20 hours after radiation, showing traumatization of the capsule, nuclear 
changes in the cells, and the formation of an epithelial ‘‘ wall’’ at the pupillary margin, 








AcTION OF SHORT-WAVED LIGHT UPON THE EYE 9 


which has become definitely acidophil, and ultimately a number of | 
basophil and eosinophil granules becomes extruded. The lamellae 
become swollen, and in the more affected central area appear spaced 
apart. From the periphery, about twelve hours after radiation, 
that is, some time after there are widespread changes established in 
the corneal epithelium, an infiltration appears at the limbus, which, 
while it shows some polymorphonuclear cells, is very largely 
composed of eosinophils. Travelling towards the most severely 
traumatized parts of the cornea, these become broken up and dis- 
integrated, adding to the granular debris from the nuclei. The 


A more advanced stage than Fig. 3, showing several altered nuclei. 
One shows disintegration into three eosin-staining masses (14 hours 
after radiation). 4 : 


greatest number of these granules are usually segregated near the 
desquamating margin of the epithelium. Directly underneath the 
radiated area, at the twenty-four hour stage, the substantia propria 
shows few granules and practically no corpuscles, but merely 
feebly staining swollen lamellae separated here and there by fluid 
clefts (Fig. 5). The endothelium shows a similar red staining in 
many of the nuclei of its cells; but it is rare that any exfoliation 
occurs. 

From this time onwards until thirty-six hours after radiation little 
or no change is histologically evident. - The red bodies included in 
the nuclei remain distinctly seen, and they always tend to break 
through the confines of the nuclear membrane and scatter them- 
selves in the cytoplasm, which now contains large numbers of 
minute red and blue granules. Round the desquamated area there 
is usually a heaped up ‘‘wall’’ of cells which still show few or no 
evidences of mitosis. Meantime in the region of the limbus there 
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is a very marked infiltration; blood spaces of considerable size 
are seen, and the eosinophils are largely replaced by a massive 
invasion by polymorphs. In places the endothelium has dis- 
appeared, and in the regions denuded of cells there are quantities 
of eosinophilic and basophilic granules adhering to Descemet’s 
membrane. 





E1G. 5, 


The cornea 36 hours*after radiation. The epithelium has desquamated 
entirely in the central area, and the denuded portion is surrounded 
by one layer only of epithelial cells. The substantia propria shows 
marked changes, the lamellae being swollen and the corpuscles having 
to a large extent disappeared. 

From about fifty to seventy hours after radiation, the red staining 
gradually fades; the epithelium near the periphery becomes more 
regularly arranged, and over the desquamated area a single layer 
of cells showing no acidophil properties begins to appear; it is 
particularly noticeable that these show few mitotic figures. The 
process of regeneration goes on with surprising rapidity and with 
little evidence of cellular activity. At seventy-six hours the epithe- 
lium is two or three layers thick; nuclei are appearing in the sub- 
stantia propria, the corpuscles appearing somewhat irregularly 
arranged. At the limbus the vascular infiltration is at its height ; 
large new blood vessels and blood spaces appear in great numbers. 
Frequently these are surrounded by young fibroblasts, of which the 
large egg-shaped nuclei and granules arranged in cart-wheel 
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formation are peculiarly evident, while the whole tissue in this 
region and for some considerable distance into the cornea is infil- 
trated with polymorphs (Fig. 6). ; 

One hundred and thirty hours after radiation the epithelial cells 
are beginning once more to take on an orderly arrangement, a 
palisade layer of basal cells being present, above which appear one 





FIG. 6. 


The limbal area of the cornea 60 hours after radiation, showing 
considerable infiltration and the formation of many new vessels 
surrounded by young fibroblasts. 


or two irregular layers of horizontal cells: again, mitotic figures 
are few. Thereafter reparative changes progress slowly and 
without incident, until in seven days all the structures appear 
practically normal excepting the limbal infiltration, the greater 
part of which has cleared up at about the tenth day. 


2. THE CONJUNCTIVA 


Changes similar in kind, although less in degree, were observed 
in the conjunctiva. Many of the nuclei of the superficial cells 
take on the red staining, but in no case were definite inclusion bodies 
formed, nor were fragmentation of the nuclei and the extrusion of 
granules noticed. There was a complete absence of granules— 
eosinophilic and basophilic—in the cytoplasm. The superficial 
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layers of the tissue became largely swollen, and many cells were 
desquamated, leaving a rough and irregular surface. Apart from 
the staining reaction and the presence of acidophil granules in 
quantity in some of the cells, the exfoliation appeared to be pre- 
ceded by fewer pathological changes than in the corneal epithelium. 
The sub-epithelial tissue showed much congestion and some 
chemosis and oedema, while tiny interstitial haemorrhages and 
some considerable eosinophil and polymorphonuclear infiltration 
were evident. 


3. THE IRIS 


There is little observable change in the iris until about twelve to 
sixteen hours after radiation, when a very considerable degree of 
congestion begins to appear. The entire iris becomes rapidly filled 
with dilated blood vessels, and diapedesis and actual haemorrhages 
appear, especially towards the anterior surface; the presence of 
eosinophils is notable, and there are some polymorphs. Red 
staining is evident in the nuclei of some of the epithelial cells in 
the early stages of the reaction, and at a later stage there is a con- 
siderable disturbance of the iris pigment. Much of this appears to 
have escaped and lies as a somewhat loose powdery deposit at or 
near the surface. No posterior synechiae were ever observed or 
anything approaching thereto, but during the stage from forty to 
sixty hours after radiation a very large quantity of this pigment is 
deposited over the lens capsule. It is true that in the normal 
rabbit, iris pigment does adhere to the lens and adhesions can 
readily be produced as an artifact of fixation, but the deposit of 
pigment as a powdery layer over the lens and its accumulation in 
large masses opposite similar aggregations on the posterior surface 
of the iris during the later stages of the acute reaction is particularly 
obvious. After about eighty hours the congestion of the iris 
largely disappears, and the reaction resolves, leaving, however, 
some remaining traces up to about ten days’ time. 


4. THE AQUEOUS HUMOUR 


The anterior chamber showed no deposits of fibrinous exudate 
histologically, but chemical examination of the aqueous humour 
showed the usual type of plasmoid aqueous which follows a wide- 
spread dilatation of the blood vessels: the proteins are very con- 
siderably increased from the traces which are normally present to 
a considerable percentage, the sugar is slightly increased, and the 
chlorides are diminished. The following analysis was done eight 
hours after ten minutes’ radiation at two feet distance from the 
mercury vapour lamp (water cooled). The proteins were estimated 
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by the dipping refractometer, the ‘‘sugar’’ was taken as reducing 
substance estimated by the Hagedorn-Jensen method, and the 
chlorides by Ruszynak’s method. 


Rabbit Left eye normal Right eye radiated 


Refractive Index 1.335168 (traces of 1.340898 (approx. 3.0% 
protein) protein) 


“ Sugar” - - 0.154 grm. per 100 c.c. 0.172 grm. per 100 c.c. 
Chloride - - 0.693 grm. per 100 c.c. 0.520 grm. per 100 c.c. 


It is to be noted that the reaction is not so pronounced as that 
produced by infra-red rays. This is shown by the following com- 
parable analysis carried out after ten minutes’ radiation at two feet 
distance from a carbon arc with the ultra-violet rays filtered off. 


‘Rabbit Left eye normal Right eye radiated 
Refractive Index 1.335247 (traces of 1.431990 (approx. 3.5% 
protein) protein) 
“ Sugar ”’- - 0.125 grm. per 100 c.c. 0.131 grm. per 100 c.c. 
Chloride - - 0.661 grm. per 100 c.c. 0.501 grm. per 100 c.c. 


It is probable that both sets of rays act in the same way, the 
radiant energy in each case being practically entirely absorbed by 
the pigment of the iris and there being converted into heat, any 
abiotic action being thus completely masked. 


5. THE LENS 


Despite many statements to the contrary, a reaction in the lens 
to ultra-violet radiation is markedly present. The most obvious 
changes affect the capsule, where the changes in general resemble 
those described by Hess (1907), Martin (1912), and Verhoeff and 
Bell (1916). 

Immediately after radiation no change is observed in the capsule 
proper, and it is only in the stage of maximal response (about six- 
teen to thirty hours after radiation) that definite swelling and blur- 
ring of its outline is seen in a fairly circumscribed area near the 
pupillary margin situated over what will shortly be described as the 
“epithelial wall.’’ As already noted, during the active stages of 
response, the capsule is thickly covered with large quantities of 
pigment derived from the iris. 

The capsular epithelium shows the typical intracellular changes 
noted already in the corneal epithelium. Four hours after radiation 
the nuclei stain less deeply blue, and at the six hour stage several 
of them appear definitely red. The eosinophil staining shows up 
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first as isolated granules in the nuclei, which gradually increase in 
number until in many cells in the pupillary area the entire nucleus 
is red (Fig. 7). The cells take up the red staining in a peculiarly 
indiscriminate and arbitrary manner, and throughout the entire 
pupillary area, intensely red nuclei appear side by side with cells, 
the nuclei of which are filled with basophil granules, or cells which 
appear to all intents and purposes normal. At the eight hour stage 
the epithelial cells become slightly swollen, In contradistinction to 
the appearances in the cornea, the nuciei rarely disintegrate, and 
the extrusion of granules into the cytoplasm is the exception. 
About ten to twelve hours after radiation there appears round the 
pupillary margin a closely packed ring of cells arranged four to six 


Fia: 7. 


The anterior lens capsule 20 hours after radiation. Inthe sub-capsular 


epithelium a large number of cells show a deep eosinophil staining in 
their nuclei. Other cells, alongside these, appear normal. The lens 


fibres are altered only immediately underneath the epithelium. 


layers deep. It starts abruptly and ends abruptly, being about 
eight to ten cells thick, and is heaped up, bulging the lens capsule 
on the one side and indenting the lens substance on the other. It is 
composed of large swollen cells, the nuclei of which all, without 
any apparent exception, take on a strongly eosinophil stain. 
About the stage of seventy hours, a considerable number of 
granules appear in the cytoplasm of the cells in the:pupillary area, 
both eosinophilic and basophilic, the great majority of which 
appear to come from the nuclei. In the pupillary area itself mitosis 
is almost completely absent, and. only a few mitotic figures are 
visible in the heaped up wall and in the unexposed area beyond 
this. At the end of ten days the cells are practically all normal : 
the only peculiarity at this stage is the disparity of the size of the 
nuclei, some of which are abnormally large, some of which are 
small, and some of which appear to be in the process of budding, 
occasionally producing a cell with a double nucleus. 
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The above appearances are those which are seen in transverse section of the lens 
capsule and the underlying epithelium. They were studied also in flat preparations 
of the lens capsule. When the animal was killed the eye was opened by an incision 
passing round the globe behind the ciliary body, and the lens carefully removed from . 
behind after the zonule was cut round by scissors. Any adherent iris epithelium 
was removed and the lens was then placed in Zenker’s solution for two hours. There- 
after it was washed in water and the capsule incised round the equator by a knife, 
whereupon the anterior capsule was easily floated off in water. The histological 
technique of Verhoeff and Bell (1916) was then followed. The usual treatment follow- 
ing fixation in Zenker was carried out, and radial incisions were made into the 
capsule, reaching to within a short distance of the centre. The capsule was then 
floated upon a cover glass so that the epithelium was in contact with the glass. The 
preparation was then blotted with filter paper, stained, and mounted. 


These flat preparations confirmed in every way the appearance of 
the transverse sections. The most obvious phenomenon was the 
epithelial ‘‘wall’’ round the margin of the pupillary area: usually 
it extends all the way round in the form of a ring, sometimes it 
appears only in segments covering part of the distance. The 
presence of an abundance of granules of all kinds is peculiarly 
evident; this appears to be due to the fact that it is more difficult 
than in transverse sections to differentiate the pigment granules 
from the iris lying upon the surface of the capsule from the granules 
inside the sub-capsular cells, and in the case of these latter, it is 
much more difficult to be certain whether they arise in the cyto- 


Fia. 8. 


Flat preparation of the lens ‘capsule, 24 hours after radiation. The 
epithelial ‘‘ wall’’ round the pupillary-margin is well seen. 
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plasm or have a nuclear origin. The nuclear changes can be con- 
firmed: the basophil staining becomes less regular, and granules 
are formed, in some cells eosinophilic, in others basophilic. 
Mitotic figures are rare, and are more evident in the peripheral 
area than in the central radiated region of the capsule (Fig. 8). 

The lens substance is markedly affected only in a narrow region 
immediately underneath the capsule. Here the staining is much 
less differentiated, the architecture of the fibres becomes blurred, 
and they themselves become swollen and tend to lose their orderly 
arrangement. These changes only affect a very thin sub-capsular 
zone. Some of the more superficial fibres are separated by clefts, 
and the capsule is frequently separated from the lens substance. 
In the interior of the lens nuclear changes are evident which seem 
to be confined to the radiated area: deeply staining basophilic 
granules are common, and from about twenty-four to thirty-six 
hours after radiation highly refractile eosinophil granules are seen. 
It is rare, however, for an entire nucleus to take on the eosinophil 
stain, and in no case was any fragmentation or disintegration of 
the nucleus observed. 


6. THE RETINA 


Although they seem to have almost invariably eluded the obser- 
vation of previous workers, changes in the retina can be demon- 
strated after radiations with short-waved light in such intensities 
as were employed in these experiments. In the whole of the litera- 
ture Birch-Hirschfeld (1904) seems to have been the only one to 
have described them, and his results and conclusions have never 
been confirmed, while they have frequently been denied. There 
is no doubt, however, that changes such as he described do actually 
occur. In the present series of experiments the most marked 
changes were evident from eight to twenty hours after radiation, 
and the retina was always normal fifty or sixty hours later. The 
retina was examined in vertical sections, and the greatest changes 
were always observed in the region of the posterior pole of the eye, 
that is, the area which was exposed to the greatest intensity of light. 
In the retina of the rabbit this region contains a much higher pro- 
portion of ganglion cells than any other part, and they always 
occur in one single row ; they are similar in appearance to the gang- 
lion cells of the human eye. This region, although large and not 
sharply defined, corresponds to the human macula. The changes, 
however, were not limited to this area, but occurred, to a minor 
degree, it is true, much more widely. 

The most obvious changes affected the ganglion cells. Some 
cells showed a disintegration and bleaching of their chromatin, and 
the formation of vacuoles was noted. Other cells showed the 
presence of highly refractile acidophil granules ; usually there were 
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only one or two present, but in some cases in the central region the 
whole cell took on a red stain. The inner nuclear layer showed 
swelling of the nuclei accompanied in places by a more or less 
widespread chromatolysis, while occasionally one or two red 
granules appeared. The outer nuclear layer appeared in some few 


Fic. 9. 


The normal retina of the rabbit near the posterior pole of the eye. 


The retina from the same region as Fig. 9, 24 hours after radiation. 
The layer of ganglion cells has suffered most severely, and a consider- 
able amount of chromatolysis is evident in the inner nuclear layer. 
The outer nuclear layer and the layer of rods and cones are to all 
intents and purposes normal. 


cases to show a lessening of chromatin, but the changes here, if any, 
were always slight, while the rods and cones always appeared 
normal (Fig. 10). 

In assessing the significance of these changes it must be remem- 
bered that there are great variations in the ganglion cells in the 
retina of the normal rabbit, and there are wide differences in the 
intensity with which the normal cells of the nuclear layers stain ; 
but even considering these differences the occurrence of a definite 
change after radiation is undoubted (cf. Fig. 9). 
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The Abiotic Reaction 


It is evident that very definite and characteristic changes are 
caused by short-waved light which distinguish it from other kinds 
of trauma. They are completely different from the thermal effects 
of infra-red rays (Duke-Elder, 1926, Biicklers, 1926). The most 
marked reaction is seen in the cornea, for it receives the whole of 
the incident energy and absorbs the greater part of it ; considerably 
less is transmitted to the lens, and the pathological changes here 
do not proceed so far; a much smaller portion of the short-waved 
light is transmitted to the retina, and here the reaction is least of 
all. The reaction of all the tissues, however, seems identical in 
quality although it varies in degree. ‘The ideal site to study a mild 
abiotic response is the epithelium of the lens capsule, while the 
corneal epithelium affords the best opportunity for observing a 
severe reaction. 

Generally, the nuclei of the cells are affected in preference to the 
cytoplasm ; indeed, with the exception of swelling, and in some 
cases the formation of granules, the latter appears to be relatively 
little affected. This conclusion is in opposition to the opinions of 
some investigators: Verhoeff and Bell (1916), for example, in dis- 
cussing the corneal changes say that ‘‘the most characteristic 
change is the breaking up of cytoplasm into eosinophilic and baso- 
philic granules,”’ while ‘‘the nuclei are relatively unaffected.’’ They 
describe the changes in the lens capsule similarly: they do not 
deny the possibility of a nuclear origin of these granules, but state 
that such cannot be traced, while ‘‘the impression is given that the 
cytoplasm first breaks up into, or is transformed into the eosino- 
philic granules, and that the basophilic granules are formed within 
these.’’ Hess (1907), on the other hand, describing the lens 
capsule speaks of nuclei ‘‘being represented by scattered chromatin 
granules extruded into the cytoplasm from the still visible nuclear 
membrane.’’ We subscribe to the latter opinion. 

The sequence of events appears to be somewhat as follows. The 
first change is a lessening of the chromatin of the nucleus as is 
evident from the falling in intensity of the methylene blue staining. 
At this stage the cytoplasm swells somewhat, and usually the nuclei 
also appear larger. Thereafter an acidophil staining becomes 
evident in the nucleus: in the milder reactions the whole nucleus, 
or a portion of it, turns reddish, and some days later takes on the 
normal blue stain again. In more severe exposures highly refrac- 
tile red granules appear. There may be one or two of these in the 
basophil nucleus, or the entire nucleus may take on the acidophil 
character. These granules then coalesce, sometimes into small 
aggregates, sometimes into large ‘‘inclusion bodies,’’ and a nucleus 
may contain a very large number of the former or be entirely con- 
verted into one or two of the latter. Sometimes these appear 
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granular, and at other times they are homogeneous, and usually 
they seem to be surrounded by a vacuole. On the other hand, 
retaining its basophil character, the nuclear material may break 
into basophil granules ; while the two forms frequently co-exist, or 
a red granule may be enclosed ina blue one. Ata later stage these 
nuclear inclusions tend to bulge out the nuclear membrane giving 
the nucleus a polymorphic shape, and finally they may be extruded 
altogether into the cytoplasm. Thereafter, if the cell is a super- 
ficial one, it appears to be cast off. At any stage before this the 
process may stop, and the cell return to normal in appearance and 
staining reaction. 

With regard to the regeneration of cells there are two points 
which are of interest, the very great rapidity with which this occurs, 
and the comparative rarity with which mitotic figures are 
observed. Widmark (1901) originally found mitotic figures in the 
exposed tissues, and he regarded ultra-violet light as a direct stimu- 
lant to cell proliferation. Hess (1907) also attributed the repair 
of the injury largely to mitosis and not to the recovery of the injured 
cells, although he states that he could adduce no direct evidence of 
this. Martin (1912) describes numerous karyokinetic figures in the 
exposed areas; while Verhoeff and Bell (1916) consider that short- 
waved light does not stimulate but rather tends to depress mitosis. 
It is to be remembered that in young rabbits, particularly in the cap- 
sular epithelium of the lens near the periphery in the region of the 
equator, mitosis is common in the normal eye; but on the whole, 
considering the trauma involved after exposure to ultra-violet light 
and the rapid proliferation of cells after the reaction has died down, 
mitotic figures are remarkably few in number. 

The significance of this reaction is that it is indicative of a 
chemical change in the proteins of the affected cells. It is only the 
rays which are absorbed which can produce an effect, and the 
typical abiotic lesion is caused by those rays, the frequen- 
cies of which correspond with the intra-atomic oscillations within 
the protein molecule. The energy represented by the ray is thus 
absorbed into the protein molecule and produces photochemical 
changes of the nature of denaturation, the presence of which is 
made evident in the alteration of the staining reaction. When the 
reaction is pushed to extremes the ultimate result is coagulation of 
the proteins and eventual death of the cell (Bovie, 1913; Mond, 
1922; and others). The latent period which elapses before any 
reaction is evident is presumably of the nature of a photochemical 
induction, a practically universal feature in photochemical reactions 
whereby a change does not at once assume a constant value, but 
increases at first slowly before a steady level is attained (Bunsen and 
Roscoe, 1855). The vascular reaction which appears at the limbus 
seems to be a secondary feature, and is not histologically evident 
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until the abiotic changes are well advanced; it is probably stimu- 
| lated by the absorption of chemical products of disintegration. 
The reaction is very marked in degree; there is wide dilatation 
of existing vessels accompanied by marked diapedesis, and in a 
few days, at the limbus, for example, large numbers of new vessels 
encircled by young fibroblasts are evident. Another characteristic 
feature is the infiltration with blood cells of the affected area: 
at first these are almost entirely eosinophils, which eventually dis- 
integrate, to be replaced at a later stage by polymorphonuclear 
cells. 


The Cornea and the Therapeutic Effect of 
Ultra-Violet Light 


The marked therapeutic effect of ultra-violet applied upon the 
cornea in inflammatory, ulcerative, and degenerative conditions has 
been dealt with in a previous paper (Duke-Elder, 1928). It is 
probable that this effect depends upon the following five factors : 

1. Pathogenic micro-organisms in the superficial layers of the 
tissues will be directly killed. The lethal action of short-waved 
light upon such micro-organisms is well known (Downes and 
Blunt, 1877; and many others); in a transparent tissue like the 
cornea this action will be much more apparent and will extend more 
deeply than in an opaque medium like the skin. The actively 
bactericidal rays are the shorter ones, the maximum effect being 
obtained with rays under 2,800 A.U. in length (Bang, 1912; and 
others), that is, with rays of that region of the spectrum which is 
preferentially absorbed by proteins (Henri, 1913). The cornea in 
its entire thickness absorbs the great majority of these active rays, 
and for this reason bacteria in the anterior chamber cannot be 
directly killed (Duke-Elder, 1926), although their vitality can be 
much impaired (Hertel, 1903). Where there is much infiltration 
and inflammatory reaction present in the superficial layers of the 
cornea, this will absorb most of the abiotically active rays, and any 
lethal effect will be practically restricted to the surface; but where 
this tissue is relatively transparent, bactericidal action will be 
greater and will extend more deeply. 

2. The superficial cells of the diseased corneal epithelium are 
killed and cast off with any contained bacteria. 

3. The intense vascular reaction round the limbus and the 
invasion of the cornea by blood cells and inflammatory oedema will 
flood the diseased area with bactericidal influences. 

4. The stimulation to rapid and healthy regeneration of the 
exfoliated epithelium is a beneficial factor; this is most apparent 
in chronic and recurrent ulcers. 
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5. It seems probable that the absorption of the products of the 
disintegration of the proteins of the corneal cells will influence the 
immunological reaction for good. 


The Lens and Cataract 


Many conflicting views have been expressed about the effect of 
ultra-violet light upon the lens. After radiation Widmark (1889- 
1901) obtained a well marked opacity, while Bresse (1891), Ogneff 
(1896), and Strebel (1901) failed to note any change. Herzog 
(1903) obtained cataractous changes, but these may have been due 
to heat which readily produces this effect. Hess (1907), Birch- 
Hirschfeld (1909), in one experiment, and Martin (1912), also in 
one experiment, found definite histological changes in the lens 
capsule. Chalupecky (1913) produced coagulation of the lens pro- 
teins, and Verhoeff and Bell (1916) confirmed the capsular changes 
described by Hess, and noted damage to the lens fibres histologic- 
ally evident in a layer of microscopic thinness immediately under 
the capsular epithelium. Later investigators, Chotzen and Kutz- 
nitzky (1918) Triimpy (1925), and Toulant (1926), reported negative 
results. 

The-possibility of an abiotic trauma to the lens depends of course, 
upon the character of the radiant energy incident upon it and 
absorbed by it. A considerable amount of experimental work has 
been done upon this question, and it may be considered to be 
definitely settled. By spectrographic studies the limit of 
corneal absorption may be taken to be from 2,930 A.U. to 2,950 
A.U., both in man and in the majority of animals (Brucke, 1845; | 
de Chardonnet, 1896; Schuleck, 1899; Soret, 1897; Schanz and | 
Stockhausen, 1908; Birch-Hirschfeld, 1909; Parsons, 1910; Hal- 
lauer, 1909 ; Martin, 1912 ; Takamina and Takei, 1912; Shoji, 1923; 
Mitchell, 1922; Graham, 1923). These measurements have been 
verified lately by Hoffmann (1927) in the living.eye of man; throw- 
ing spectrally separated ultra-violet light on the cornea, and taking 
as an index of its transmission the appearance of fluorescence in the 
anterior chamber after the exhibition of fluorescein salts by the 
mouth, he found that light of a wave length above 4,930 A.U. was 
transmitted. Waves of this length and upwards fall upon the lens, 
and, since these are abiotically active, some abiotic trauma can 
potentially be caused. It is true, that the effectivity of these longer 
rays is comparatively small, but such an activity is definitely 
present up to 3,050 A.U. at least (Henri, 1902-12; Hertel, 1905; 
Browning and Russ, 1915 ; Mashimo, 1919 ; Newcomer, 1918; Hill, 
1922). It is evident that the histological changes which have been 
described above, are direct evidence of a trauma which light can 
produce. 
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These changes should be considered from two aspects. In the first 
place, the sub-capsular epithelial cells are very definitely injured ; 
and the capsule itself becomes swollen in places and loses the histo- 
logical definition of its outline. The result of this will be an 
impairment of the semi-permeability which it normally possesses 
and consequently an abnormal diffusion of electrolytes of the 
aqueous into the lens will result, a process which will disturb the 
physical condition of the proteins of this tissue. It is proposed to 
publish shortly some experimental researches dealing with this 
subject in more detail from the physico-chemical point of view. 

With reference to the ‘‘wall’’ formation of cells which appears in 
the pupillary area, several opinions have been expressed, none of 
which appears to be entirely satisfactory. Hess (1907), who 
originally described it, attributed its occurrence as secondary to the 
damage caused to the central cells of the capsule. He observed 
that these became swollen, and suggested that they thus com- 
pressed and heaped up the marginal cells: the appearance of the 
sections, however, does not suggest that this is a likely explanation, 
for the phenomenon seems an active proliferation rather than a 
passive heaping up. Martin (1912) assumed that the proliferation 
was due to the stimulation caused by submaximal damage to the 
cells at the pupillary margin, but it is significant that subliminal 
exposures to the pupillary area itself have never been known to 
produce any such effect. The proximity of the zone of cells to the 
margin of the iris might suggest that the effect was due to heat, 
since the pigment of this structure will absorb all the energy 
incident upon it and degrade it into heat. It is well known that 
heat of an intensity just below that necessary to cause tissue 
destruction produces cell proliferation, but this cell proliferation is 
always accompanied by considerable karyokinetic activity and 
never by the acidophil staining which characterises the abiotic 
response. Verhoeff and Bell (1916), indeed, produced a somewhat 
similar ‘‘wall’’ by radiating the eye of a rabbit with infra-red rays, 
but in this case the cells composing the ‘‘wall’’ were in the state of 
active proliferation characteristic of the response to heat, almost 
every cell being in some stage of mitosis. In the present case 
mitotic activity is conspicuous by its absence, and every cell shows 
profound chemical changes rendered evident by its altered staining 
reaction. Moreover, a somewhat analogous appearance is seen in 
the cornea as will be evident from Plate I, Fig. 2, where a some- 
what similar ‘‘wall’’ is formed. Here, at the margin of the most 
traumatized region, the epithelial cells appear heaped up in many 
layers and to have multiplied considerably without any evidence 
of mitosis : this effect obviously cannot be due to heat. 

In this connection two points are to be noted. First, the changes 
which are produced by ultra-violet light are purely chemical in 
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nature, and may be simulated by other chemical irritants. It is 
significant that Verhoeff and Bell (1916), by injecting Lugol’s 
solution into the anterior chamber of a rabbit’s eye, produced a 
similar appearance, the cells showing the presence of eosinophilic 
and basophilic granules; while a similar ‘‘wall’? was found four 
days after the injection of staphylococci into the anterior chamber, 
although here there was no formation of granules. On the other 
hand there is evidence that ultra-violet light may stimulate cell 
proliferation: the rapid regeneration of the exfoliated corneal 
epithelium after radiation, whether it is done experimentally or 
therapeutically, even in the case of ulcerated tissue, suggests that 
this may beso. It is true that this conception is contested by many 
authorities and that it is requiring further elucidation, but it has 
been remarked by several investigators. Bovie (1916) concluded 
that if the decomposition of the protein molecule is not carried too 
far, there is a stimulation of the cell. Browning and Russ (1918) 
found that radiated organisms appeared to be stimulated in their 
growth in the region of the culture-plate lying between two por- 
tions which had been exposed. Coblentz and Fulton (1924) also 
found that a similar increase was always observable, when radiat- 
ing bacteria on Petri dishes, in the shadowed portion of the dish 
surrounding the region exposed to the ultra-violet rays. These 
may be associated phenomena from which it may be legitimate to 
draw analogies to the peculiar appearances in the lens capsule, or 
they may not: it cannot be said that any adequate explanation is as 
yet forthcoming. 

With regard to the lens substance the histological evidences of 
trauma are much less obvious. The microscopic layer of damaged 
fibres which is seen directly underneath the subcapsular epithe- 
lium is probably not of much importance ; the chemical changes in 
the nuclei are perhaps of more significance. Any changes pro- 
duced in the fibres themselves in the main body of the lens are not 
of a nature to be demonstrated by histological methods. They are 
of a physico-chemical nature, affecting the autoxidation system 
upon which this tissue depends for the continuance of its meta- 
bolism (Adams, 1925), and altering the lability of the lens proteins, 
rendering them more susceptible to subsequent coagulation by 
other influences. It is proposed to publish further investigations 
dealing with this subject in the near future, but in the meantime it 
would appear that (as far as experimental evidence goes) short- 
waved light cannot be exonerated from participating in the patho- 
genesis of cataract. 

Nor is clinical evidence on this point entirely lacking. Carlo 
(1914) described the case of an engineer, aged 36 years, who had 
worked for three years with mercury vapour lamps, and ultimately 
developed a posterior cataract. Scheerer (1926) described two 
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similar cases where after therapeutic treatment of lupus with ultra- 
violet light, a posterior opacity, morphologically of the same type 
as a typical glassblowers’ cataract, was produced. It would seem, 
indeed, that opacities of much the same clinical form are produced 
by the absorption by the lens of any part of the energy-spectrum. 
Thus the long infra-red (heat) rays have frequently been shown to 
produce opacities experimentally (Vogt, 1912; Richen, 1913; 
Grinella, 1924; Miiller, 1924; Kranz, 1925; Biickler, 1926; Duke- 
Elder, 1926), while its clinical occurrence is well known in the 
cataract of glassblowers (Royal Society Report, 1928), iron workers 
(Cridland, 1913), tin workers (Healy, 1921), chain workers 
(Roberts, 1921), and gold smelters (Brinton, 1913). Similarly, 
the very short X-rays and the emanations from radium have been 
found to produce experimental cataract (Birch-Hirschfeld, 1904-8 ; 
Tribondeau and Belley, 1907), and therapeutic exposures to these 
rays have frequently been observed clinically to produce lenticular 
opacities, the majority of which are in the posterior cortex and are of 
the same nature (Birch-Hirschfeld, 1908; Paton, 1909; Axenfeld, 
1915; Wilkinson, 1920; Salzer, 1921; Horay, 1922; Dor, 
1923; Pfahler, 1924; Ziegler, 1924; Ascher, 1925; Scheerer, 1925 ; 
Erggelet, 1928; Stock, 1928; Rohrschneider, 1928; Meesmann, 
1928). 


The Retina 


The interpretation of the changes produced in the ganglion cells 
and in the inner nuclear layer of the retina presents several diffi- 
culties. Attention has already been drawn to the fact that similar 
changes were noted by Birch-Hirschfeld (1904) alone among former 
observers, as occurring to a slight degree in the normal rabbit, 
and to a more marked degree in the aphakic rabbit. Other writers 
have consistently failed to find them, among whom Verhoeff and 
Bell (1916) made detailed experiments with a view to their investi- 
gation, using both normal and aphakic rabbits, monkeys, and in 
one case the eye of a woman prior to its excision for carcinoma of 
the lid. It is to be noted that the retinal changes produced by 
ultra-violet light are completely different from those caused by 
direct sunlight, for example in eclipse blindness. Here the lesion 
is a thermal one; the light traverses the superficial layers of the 
retina until it reaches the pigment epithelium where it is absorbed 
and degraded into heat. A burn is produced, which spreads from 
this point as a centre, giving rise to a lesion on either side, in the 
choroid and in the retina. In the latter tissue the layer of rods 
and cones is primarily affected, and the lesion spreads with pro- 
eressively decreasing intensity outwards. In the case of ultra- 
violet, however, the greatest effect is produced in the layer of gang- 
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lion cells, and the changes diminish progressively inwards ; more- 
over the latter reaction has all the appearances of the abiotic 
response and is quite different from that which results from heat. 
If any changes of this nature occur after an injury due to concen- 
trated sunlight, they are completely masked by the preponderating 
effect of the thermal lesion. 

If short-waved light can produce an injurious effect, there are 
two ways in which this can be brought about: cither by a direct 
abiotic action upon the tissues of the retina, or by an over-stimula- 
tion of the physiological mechanism of vision. The first of these 
possibilities depends on the nature of the light which is transmitted 
by the lens, since this tissue has a greater absorbing power than 
the other dioptric media. As with the cornea, the transmission 
and absorption of light by the lens has attracted a great deal of 
research. The amount absorbed varies very largely with the age 
of the individual and the degree of sclerosis of the lens, but on the 
whole it appears that comparable results are obtained both in the 
laboratory animals and in man. 

The question may be approached from three aspects. By the 
method of spectrographic registration it has been demonstrated 
that, on the average, the limit of transmission varies from the 
region of 3,210 A.U. to 4,000 A.U., although the amount trans- 
mitted below 3,500 A.U. is relatively small (for bibliography see 
cornea). In achild, Hallauer (1909) found some transparency down 
to 8,100 A.U.; Mitchell (1922) to 3,040 A.U.; Shoji (1922) demon- 
strated that, at four years of age, wave lengths of 3,050 A.U. were 
transmitted, of 3,083 A.U. at seventeen years, and of 3,125 A.U. at 
twenty-three years, while in the average rabbit the limit was 3,211 
A.U. Graham (1923) obtained a limit in young human subjects 
of 3,184 A.U., and Sheard (1923) of 3,150 A.U. In old people, on 
the other hand, the limit is much higher, being above 4,000 A.U. 
(Hallauer, 1909; Graham, 1923). The absorption of light by the 
lens may also be studied by the observation of the phenomenon of 
fluorescence ; this is particularly evident from 3,500 A.U. to 4,000 
A.U., with a maximum from 3,700 A.U. to 3,800 A.U. (Hallauer, 
190%; Hoffmann, 1927). Provided we admit the sensation of 
vision is excited by all wave lengths in this region of the spectrum, 
the lower limit of transmissibility may also be determined by 
observing the lower limit of spectral visibility. In the estimation 
of this, some confusion has arisen from a lack of adequate experi- 
mental technique, and from a failure to eliminate the effect of fluor- 
escence in the lens; for this reason some of the work of the earlier 
observers can only be accepted with caution. The lower limits 
given in the’literature are these; Stokes (1852) 3,350 A.U.; Helm- 
holtz (1855) 3,180 A.U.; Listing (1865) 3,720 A.U.; Sekulic (1872) 
3,580 A.U.; Mascart (1883) 3,130 A.U.; Soret (1893) 2,940 A.U. 
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(probably wrong); Eisenlohr (1856) 3,950 A.U.; Sauer (1875) 
3,950 A.U. ; Chardonnet (1883) 8,420 A.U.; Widmark (1898) 3,860, 
and in aphakic eyes 3,130 A.U.; while Birch-Hirschfeld (1908) 
obtained comparable results. Glancy (1923), using an adequate 
technique, found that the spectral lines began to fall off in intensity 
below 4,000 A.U., but that they were still visible at 3,170 A.U. 

It would appear, therefore, that while practically all rays above 
4,000 A.U. are transmitted to the retina, the lens begins to absorb 
an increasing amount up to 3,500 A.U., and then the greater 
portion of the incident light up to a limit of 3,150 A.U., below 
which absorption is complete. It would appear therefore that in 
the average eye the retina is reached by no rays shorter than 3,150 
A.U., and only by very small intensities for a considerable spectral 
range above this. It is generally accepted that light of these wave 
lengths exerts no observable abiotic action, the upper limit of 
which, as we have seen, is usually put at 3,050 A.U.; even here 
the action is extremely slight, requiring long exposures at high 
intensities. “wo workers, it should be noted, have recorded 
observations which suggest that some abiotic action, as is rendered 
evident by a bactericidal effect, is possible for rays longer than this : 
Bayne-Jones and Lingon (1923) putting the limit at 3,500 A.U., and 
Coblenz and Fulton (1924) putting it at 3,650 A.U. Even if these 
latter results be accepted, any action is extremely slow and requires 
very high intensities of energy, much higher than was possible 
under the conditions of our own experiments. In our own investi- 
gations we have been completely unable to obtain any abiotic effect 
either on the cornea, which can be radiated with very great inten- 
sity, or on the lens capsule, by rays longer than 3,050 A.U. 
(Duke-Elder, 1926), a finding which corroborates the work of 
Verhoeff and Bell (1916), and Triimpy (1924). The conclusion 
seems therefore forced upon us that if the retinal lesions are due 
to the direct abiotic action of light, then this tissue must be in some 
way sensitized to rays longer than those to which other tissues 
normally respond, just in the same way as a photographic plate 
is sensitized to visible rays. There is nothing, of course, intrin- 
sically impossible in this. 

The distribution of the lesions which were observed, however, 
would suggest that direct abiotic action is not responsible for these 
retinal changes. If it were so one would expect that the lesion 
would be confined to a small area in the posterior pole of the eye, 
corresponding to the image of the source of light. Its distribution 
would thus be comparable to the thermal effect produced in the 
macular region in sun-blindness. In the present case, although an 
area in the posterior pole of the eye was the most markedly affected, 
yet changes were observed over a very widespread region. A 
similar widespread distribution was observed by Birch-Hirschfeld 
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(1909), and this strongly supports his suggestion that the cause is 
an over-stimulation of the retinal mechanism of vision. 

A considerable amount of work has been done which shows that 
definite histological changes occur in the retina on stimulation by 
light, apart from the gross thermal lesions produced by concen- 
trated sunlight. Benissenko (1887) noted widening of the peri- 
cellular spaces around the ganglion cells, and. similar changes in 
the nuclear layers. Angelucci (1887-94) noted somewhat similar 
changes, and Mann (1895) observed a lessening of chromatin in 
these two regions in the retina of the dog. Bach (1895) could 
detect no difference between the dark-adapted and the light-adapted 
eye of a rabbit; Abelsdorff (1901) and Schiipbach (1905) obtained 
similar negative results. ‘ Pergens (1896), however, demonstrated 
a lack of chromatin in the ganglion cells, a result confirmed by 
Birch-Hirschfeld (1900-4-6-9). Shiarni (1904) found the chromo- 
phil bodies in the ganglion cells less distinct, Carlson (1904) noted 
a lack of Nissl granules in these cells, and Sgrosso (1905) found that 
the cells of the nuclear layers tended to take on a staining with 
fuchsin in the light, while they stained preferentially with methy- 
lene green in the dark. These changes have a resemblance in 
kind, though not in degree, to those noted by Birch-Hirschfeld 
(1904) as following ultra-violet light radiation, and to those 
described in the present paper; it is interesting that with the still 
shorter waves, X-rays and radium, Birch-Hirschfeld (1904) 
obtained gross changes in the outer layers of the retina which 
progressed to complete disintegration of the cells. 

Furthermore, there is evidence that ultra-violet light produces 
functional impairment of the retina. Birch-Hirschfeld (1908) 
noted the development of colour scotomata and a constriction of 
the peripheral field in workmen after the photophthalmia following 
habitual exposures to a mercury vapour lamp, and his findings, up 
to a certain extent, were confirmed by Simon (1921). In snow- 
blindness, also, functional disturbances have been noted—ambly- 
opia (Widmark, 1893), and a central scotoma (Best and Haenel, 
1907) ; while there is evidence that these functional disturbances are 
more evident in aphakic eyes (Hayashi, 1925). Further, accord- 
ing to the observations of Behr (1912) and Heine (1926) there is a 
marked reduction in the adaptation power after prolonged exposure 
to sources rich in short-waved light. It must be admitted, however, 
that measurements such as these are readily susceptible to func- 
tional fallacies (see Birch-Hirschfeld, 1927), and the work of Sieg- 
fried (1928) would seem to indicate that this impairment of the 
power of adaptation cannot be detected under experimental 
conditions. 

Little is known of the intimate mechanism of the physiological 
processes which the stimulation of light excites in the retina, but 
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certainly these processes are fundamentally photo-chemical 
reactions. The action of short-waved light on any tissue is also 
photo-chemical in nature, and presumably bears some relation, 
though not necessarily a completely parallel one, to the changes 
occurring normally in the retina. The shorter waves of light have 
a greater chemical activity than the longer waves, and it would seem 
possible that a chemical process which remains within physio- 
logical limits when initiated by the latter, could readily overstep 
these limits and attain pathological dimensions when excited by the 
former. 


These observations may perhaps be interpreted as lending some colour to the 
suggestion of van der Hoeve (1919) that senile macular degeneration (Haab) may 
depend in some degree upon the influence of an excess of short-waved light upon the 
retina. Van der Hoeve supported his theory by statistics which tend to show that 
this disease rarely occurs in combination with senile cataract, and he argues that, 
while an opaque lens will protect the retina by absorbing and dispersing the light, 
a transparent lens will allow some actinic rays to pass through, which may eventually 
exert a deleterious action. His statistical evidence is supported by Gjessing (1925) ; 
but the statistics of Fischer (1926) and of Birch-Hirschfeld (1927) are not so unequi- 
vocal. They certainly show that the one disease is not by any means exclusive of 
the other, but van der Hoeve (1927) interprets their figures as showing that a 
relative antagonism does exist. While the cumulative action of small amounts of 
damage accruing over many years is a factor which must be taken into account, the 
conception must be viewed with reserve and the theory regarded as unproven. 


Inclusion Bodies 


It is impossible to study the corneal changes that occur in the 
abiotic reaction to light, without being struck by the strong resem- 
blance to some of the changes which have lately been described in 
the corneal lesions of herpes. It will be remembered that Griiter 
(1912-1914) first made successful experiments with the vesicular 
fluid of herpes corneae, showing that it was transmitted from 
cornea to cornea in rabbits. His work was not published until 
1920, when he obtained successful inoculations of a rabbit’s fluid 
in a blind human eye. The first published work on experimental 
herpes was that of Lowenstein (1919-20) who described in the 
corneal epithelium ‘‘elementary corpuscles’’ resembling those 
depicted by Lipschiitz as occurring in molluscum contagiosum. In 
the next year Lipschiitz (1921) described in great. detail acidophilic 
‘‘nuclear inclusions’’ in the corneal lesions of herpes. They 
occurred mainly in the corneal epithelium, were sometimes homo- 
geneous, sometimes granular, and usually surrounded by a clear 
zone ; they had a strong affinity for acid dyes, were most numerous 
twenty-four hours after inoculation, and had disappeared within 
seven days. He considered them as an expression of an oxyphil 
reaction of the nuclear chromatin to the herpetic virus, and stated 
that these bodies indicated the local presence of the virus of herpes 
itself. He identified them with a class of intra-nuclear inclusion 
bodies or ‘‘chlamydozoa’’ which occur in other diseases as variola, 
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vaccinia (Tyzzer, 1906), molluscum contagiosum (Lipschiitz), and 
trachoma (Halberstadter and Prowazek, 1907; Greef, 1907; and 
Noguchi, 1915). 

During the years that followed a vast amount of work was done 
upon the question. The researches of Doerr (1921), Blanc (1921), 
Caminopetros (1921), Gaviati (1922), Friedenwald (1923), and 
Levaditi and his associates (1922-7), and many others fully con- 
firmed the experimental appearance of the inclusion bodies both 
in the corneae of animals and of man (Fuchs and Lauda, 1921); 
moreover, Levaditi (1921), Zdamski (1923), da Fano (1923), and 
others demonstrated their occurrence in the central nervous system ; 
while Goodpasteur and Teague (1921) found them in a large 
number of tissues in herpetic lesions (cornea, retina, conjunctiva, 
buccal mucosa, skin, liver, adrenal, ovary, testis, spinal cord, etc.). 
Similar appearances were also described in vaccinia, chicken pox, 
small pox, and several other infections, in many of which their 
presence was not confined to the epithelial cells alone. A consider- 
able time previously, Head and Campbell (1900) had demonstrated 
an increased affinity for acid dyes in sections of the posterior root 
ganglia in lesions of herpes zoster. 

The interpretations put upon these inclusion bodies were, how- 
ever, by no means in agreement. On the one hand Kooy (1921) 
believed that they were the actual infective agent itself in herpes. 
Lipschiitz (1921), it has been noted, considered that their presence 
indicated the presence of a combination of the cell substance with 
the virus. Levaditi, Harvier, and Nicolau (1921-27), and Doerr 
and Schnabel (1921) regarded them as peculiar nucleolar changes 
caused by the virus. Luger and Lauda (1921), on the other hand, 
regarded them as cell degenerations of dubious specificity, and cast 
doubt on their necessary association with herpes. Goodpasteur 
and Teague (1923), on the contrary, maintained that they were 
specific, and regarded their occurrence as the only reliable histo- 
logical criterion of the presence of the herpetic lesion. They con- 
sidered that their growth and increase in size were due to the pro- 
liferation of the virus, and they concluded that ‘‘their presence is 
prima facie evidence of the local presence of herpes or a similar 
virus,’’ while that in their absence a lesion could not, from the histo- 
logical standpoint alone, be definitely attributed to herpes. 

Summarising the position in 1923, da Fano pointed out the 
universal presence of these intra-nuclear inclusions, but he con- 
sidered that a definite Opinion could not be expressed as to their 
nature, although he surmised that they were not specific. Cowdry 
and Nicholson (1923), commenting on the various types of inclusion 
bodies (found in the brain) divided them into oxyphil bodies and 
basophil bodies, which they interpreted as coagulations of the 
nucleoplasm, minute bodies, which they considered mainly as 
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nuclear débris, and large extra- and intra-cellular inclusions, 
regarding the nature of which they accepted da Fano’s explanation 
as representing in large measure a progressive fragmentation of the 
nuclei. They concluded that they represented no concrete class, 
but were of variable composition and were derived from various 
sources, an opinion which Zdamsky (1923) confirmed. In 
contradistinction to this, Léwenthal (1927), considering these 
bodies the most regular microscopical finding in the herpetic 
cornea, suggested that they were specific and diagnostic, and repre- 
sented a stage in the cycle of development of a protozoon. 

Not only do the inclusion bodies which are found in the abiotic 
reaction resemble very closely in structure and development those 
described in the lesions of herpes, but other changes—the presence 
of oxyphil and basophil granules, the swelling and oedema of the 
cells, the desquamation of the epithelium and the course of the 
general reaction—show many points of analogy. It seems, more- 
over, to be definitely established that these bodies occur in diseases 
other than herpes. In the case of the abiotic injury caused by 
light, the presence or action of a specific virus does not enter into 
the question: the reaction is merely the expression of chemical 
changes of degeneration occurring preferentially in the nucleus.- 
It seems impossible to avoid drawing the analogy that similar 
appearances described in herpes (and also, for that matter, those 
in trachoma, although the resemblance is not so close) are of a 


similar non-specific nature, being essentially an oxyphil degenera- 
tion representing chemical changes in the nuclear proteins conse- 
quent on a traumatism by the virus. 


Conclusions 


The clinical and histological appearances of the abiotic reaction 
to light as seen in experimentally radiated animals are described in 
the cornea, the conjunctiva, the iris, the lens, and the retina. The 
changes observed in all these tissues are the same in kind although 
varying in degree. The most interesting and characteristic of 
these changes is an oxyphil degeneration affecting particularly the 
nuclear chromatin, which may progress to the formation of acido- 
phil granules or of granular or homogeneous nuclear inclusions. 
Originally intra-nuclear, these may be extruded into the cytoplasm 
with disintegration of the nuclei, a process which may culminate 
in death and disintegration of the cell. The reaction is charac- 
terised by an intense vascular engorgement, in places where that 
is possible, and is followed by rapid regeneration and resolution in 
which the absence of karyokinetic activity is notable. 

The nature of the general abiotic reaction of living tissue is 
discussed, and it is pointed out that its basis is a photochemical 
denaturation affecting the proteins of the cells. 





ACTION OF SHORT-WAVED LIGHT UPON THE EYE 31 


With regard to the cornea, the therapeutic effect of ultra-violet 
light in inflammatory, degenerative, and ulcerative conditions is 
discussed. 

With regard to the lens, two separate effects are demonstrated, 
the first, markedly evident histologically, affecting the capsule and 
the subcapsular epithelium, the second, less histologically evident, 
affecting the lens substance. The significance of both of these in 
the pathogenesis of cataract is dealt with. It is concluded that, in 
common with other regions of the energy-spectrum, ultra-violet 
radiations cannot be exonerated from a share in the aetiology of 
this condition. The subcapsular epithelial ‘‘wall’’ is described, 
but although several relevant influences are dealt with, no satis- 
factory explanation of its occurrence seems forthcoming ; a similar 
appearance is seen in the corneal epithelium. 

Definite abiotic changes are described in the retina affecting 
mainly the ganglion cells and the inner nuclear layer. These 
consist essentially of a chromatolysis and an acidophil tendency. 
The significance of these changes is discussed, and the conclusior 
is suggested that they are rather of the nature of a pathological 
intensification of physiological processes of vision than a direct 
abiotic response, although the occurrence of the latter in a speci- 
ally sensitized tissue is not altogether impossible. 

An analogy is suggested between the nuclear appearances of 
abiotically traumatized tissue and the inclusion bodies described 
as occurring in the lesions caused by the herpetic and other viruses, 


and possibly also in trachoma. The analogy tends to support 
the opinion that these appearances are degenerative in nature and 
non-specific in origin. 
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ANNOTATION 


Ophthalmic Treatment in the early XIXth Century 


In the Farington Diary, Vol. 1V, 1807, occurs the following 
account of an ophthalmic condition and its treatment. On 
September 19th, ‘‘at } past 1, called upon Mr. Watkin Phipps, 
oculist, in Cork Street, Burlington Gardens, who examined my 
eyes and told me that my complaint was seated in the eye lids, 
which from having been overexerted had lost their tone, and did 
not properly supply moisture for their functions. He recom- 
mended me to apply a large sponge, steeped in water as hot as | 
could bear it to my eyelids for the space of 6 or 7 minutes 4 or 5 
times a day, and to call on him again on Monday next, when he 
shd. better be able to determine what to do. I dined alone. His 
hours for receiving patients from 4 past 1 till 4 every day except 
Sundays. I gave him one guinea. Sept. 21st. Watkin Phipps 
I went to who applied a sharp stimulus to my eyes. Directed an 
ointment to be touched to the edges and corners of my eyes for a 
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minute the last thing at night, and then to be wiped off with a 
soft handkerchief. The bathing of the eyes to be continued as 
often as I please. He sd. he shd. soon put my eyes to right. 
Sept. 25th. Watkin Phipps I went to. He gave me a caustic 
waxy preparation inserted in a quill and shewed me how it was to 
be applied. The size of a pin’s head to be taken on the point of 
a small camel hair pencil, and dissolved by passing it through 
the flame of a candle or holding it to the heat of a candle or a 
fire, and then drawing the point of the pencil upon the lid of the eye, 
between the eye lash and the eye, of the upper and lower lid of 
each eye. The eye not to be touched, though no injury wd. 
ensue from it. He directed me to continue the use of the warm 
water bath, and the eye water, but recommended the caustic appli- 
cation to be applied every morning rather than at night, as it would 
be better seen how to do it.’’ 

No further reference to the eye condition appears in the volumes 
of the diary that have so far been published. We have no know- 
ledge of the oculist in question, and we have a strong suspicion 
that he may have been a quack. 








INTERNATIONAL OPHTHALMOLOGICAL 
CONGRESS, 1929 


—_——_— 


Subscribers to International Ophthalmological Council Fund 


FOURTH LIST . 


SOCIETIES, INSTITUTIONS, ETC. 


Brooklyn Ophthalmological Society Colorado Ophthalmological Society 
Ophthalmological Society of Wilno. 


INDIVIDUALS. 


A Group of Argentine Hata, Bumpei Percival, A. S. 
Ophthalmologists Josef, Marczewski Reis, Wiktor 

Baslini, Carlo Kozlowski, Michal Szymanski, J. 

Bednarski, Adam McKee, S. Hanford Weeks, John E. 

Colangeli, Armando Melanowski, L. H. Zion, Oswald 

Denti, Francesco Noiszewski, Casimir 

Duke-Elder, W. S. Pavia, J. Lijo 





It would be of great assistance to the National Council in Holland 
in making their arrangements if ophthalmic surgeons who intend to 
subscribe to the International Congress in September would intimate 
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their intention as soon as possible to the Secretaries, Dr. E. Marx, 
Academisch Ziekenhuis, Leiden, or Prof. Dr. W. P. C. Zeeman, 
Wilhelmina Hospital, Amsterdam, at the same time stating whether 
they intend to be present at the meetings in Amsterdam and 
Scheveningen or whether they only wish to have the Notices and 
Proceedings sent tothem. The dates of the meetings are September 
5 to 13, the subscription for Members being two guineas and for 
Associates one guinea, which should be sent to Dr. H. M. Roelofsz, 
Director of the Incassebank, Heerengracht, 531, Amsterdam (Post 
Office Account 8074). 

Messrs. Thos. Cook & Son have been appointed the official 
Agents to undertake travel and hotel arrangements for members 
attending the Congress. 








ABSTRACTS 


LACRIMAL 


(1) Isakowitz.—Argyrosis of the lower lid after probing and 
simultaneous injection of collargol. (Argyrose des Unterlides 
infolge Sondierung und gleichzeitiger Kollargoldurchspii- 
lung.) Klin. Monatsbl. f. Augenheilk., Bd. LXXIX, S. 637, 
1928. 

(1) Isakowitz records a case which is perhaps worth remember- 
ing. A child, aged 8 years, had a suppurative dacryocystitis 
which was treated by probing and the simultaneous injection of 
a 4 per cent. solution of collargol. After the seventh injection 
there was some haemorrhage and a swelling of the lower lid. This 
was followed by a blue grey discolouration of the entire skin of the 
lower lid which was still visible after four years. 


W. S. DUKE-ELDER. 


(2) Brown, Albert L.—A method of dilating the lacrymal duct 
by rapid dilatation with sea tangle probes (preliminary 
report). Arch. of Ophthal., July, 1928. 


(2) Brown’s opinion that the repeated passing of lacrymal 
probes often aggravates the formation of scar tissue is probably 
shared by the majority of ophthalmic surgeons. He has, there- 
fore, designed a probe made of sea tangle, about 3} ins. long, 
and the diameter of a No. 1 Bowman probe, which can be obtained 
from V. Muller and Co., of Chicago. The sea tangle, in the 
normal moisture-of the naso-lacrymal duct, swells to six or seven 
times its original calibre. The technique of introduction is simple. 
The sac is washed out with cocaine and the probe is sterilised by a 
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rapid but thorough washing with alcohol. It is then coated with 
white vaseline. The operator grasps the probe with a pair of 
mosquito forceps near its tip and introduces it into the lacrymal 
punctum. By short rapid movements of releasing and grasping 
the probe, an insertion is effected before swelling has occurred. 
It is left in for half an hour to an hour, according to the amount 
of dilatation required, and is then removed by dragging on a small 
thread which has been passed through the upper end of the probe. 
In the presence of infection, it is well before probing to syringe 
out the sac every day with 1 in 3,000 metaphen, ‘giving the patient 
a solution of the same strength as an eyewash until the infection 
seems to have subsided. This method of treatment has been tried 
in 20 patients with excellent results. It is, of course, mecessary in 
some cases to pass the probe several times, and in all cases to have 
a rhinological examination in case the lower end of the duct should 
be occluded by swollen turbinates, adhesions, and the like. If 
such conditions are found, they must be corrected before the probes 
are used. 
F. A. WILLIAMSON-NOBLE. 








BOOK NOTICES 


Atti del Congresso d’Oftalmologia, Rome, Nov. 3-5, 1927. Pp. 
448. Rome: “L’Universal” Tipographia poliglotta. 1928. 


This beautifully printed quarto volume of the Transactions of 
the Congress of the Italian Ophthalmological Society contains 
many communications of interest and permanent value. Two of 
these demand special notice. The article (pp. 70-181) by Dr. F. 
Poos, on the physiology and pharmacology of the unstriped 
muscles of the eye is an elaborate experimental investigation of the 
effects of temperature and drugs upon the sphincter and dilatator 
of the iris and the ciliary muscle, and well deserved the award of 
the Cirincione Prize. Though containing few new facts it is an 
excellent demonstration of the present state of our knowledge of 
the subject, with. numerous tracings and a full bibliography. 
Dr. Mario Montaliti’s article on the anterior corpora quadrigemina 
in man, which obtained the Cidonio Prize, is an anatomical inves- 
tigation of the anterior colliculi in human foetuses, together with 
a few. experimental observations of degenerations in monkeys by 
the Marchi method. It is also accompanied by a good biblio- 
graphy. ‘Two other prizes were awarded for communications of 
less value: the Cozzoli prize to Dr. Bartolo Castello for a contri- 
bution to the study of the reticulo-endothelial system of the eye; 
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and the Valenti prize to Dr. Paolo Nichelatti for a research on the 
therapeutic action of infra-red radiation on certain conjunctival 
affections, especially trachoma. 

Notable among the other papers are those by Foroni on a modi- 
fication of Lagrange’s operation for glaucoma; Favaloro on the 
pathogenesis of the direction of exophthalmos in tumours of the 
optic nerve ; Scalzitti on mycoses of the palpebral conjunctiva (with 
bibliography); Favaloro on neuroglia and glioma of the optic 
nerve (with bibliography); Montalti on the treatment of irido- 
cyclitis by tuberculin and actinotherapy ; Pasquinangeli on the 
treatment of syphilitic diseases of the eye ; Leonardi on lime burns; 
Anotibon on tumours of the caruncle (with bibliography); and 
Rosica on the intradermal reaction of Noguchi for syphilis. 

Our Italian confréres are to be congratulated on this record of a 
most successful congress. 


Die Labyrinthreflexe auf die Augenmuskeln nach einseitiger 
Labyrinthexstirpation. By Dr. R. LORENTE de Né. Assistant 
at the “Instituto Cajal,” Madrid. With 186 figures in the 
text and 22 plates. Pp. 205. Berlin and Vienna: Urban and 
Schwarzenberg. 1928. Price, 15 marks. 


This monograph is a very elaborate investigation of the eye 
movements in rabbits after extirpation of the labyrinth on one side, 
carried out over a period of three years in Prof. Géthlin’s Physio- 
logical Institute at Upsala. It forms a continuation and 
elaboration of part of the work of Magnus and de Kleijn, and of 
Rademaker. After a thorough analysis of the spontaneous 
movements and normal reflexes by means of graphic registration 
of the responses of the individual eye muscles, the author proceeds 
to give the results of his experiments as determining the changes. 
in spontaneous nystagmus with changes in the posture of the head, 
the reflexes initiated by the normal labyrinth immediately after 
the contra-lateral extirpation, the labyrinthine reflexes of the eve 
muscles after the acute results of the operation have passed off, and 
the nervous mechanism of vestibular eye reflexes. The last 
mentioned research involved large numbers of experimental lesions 
in the brain stem, and these have been fully described in the text. 

It would be out of place to enter into minute details of the work 
in this journal. It is sufficient to state that the researches, which 
must have been extremely laborious, have been carried out with 
great care, and admirably described and illustrated. No one who 
wishes to obtain a thorough acquaintance with the present state of 
knowledge of the ocular reflexes associated with posture and 
originating in the vestibular apparatus can afford to neglect this 
important work. 
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Bulletin de la Société Belge d’Ophtalmologie. Bruxelles. Mai 
1928. 

This report of the annual conference of the Belgian Ophthal- 
mological Society contains 11 communications from members, 
and in addition, a list of members and a record of the ‘‘Séance 
d’affaires.”’ 

1. Ina paper on the Bio-microscopy of the Crystalline Lens, 
Kleefeld urges the routine use of the slit-lamp in all cases of 
early changes, or changes at their first discovery, in the lens. He 
believes that thereby a mistaken diagnosis of congenital defects 
for those of commencing senile cataract would be frequently 
avoided. Three examples of unusual types of cataract were 
presented. 

2. Danis. ‘‘Cirsoid Aneurysm of the Central Artery of the 
Retina.’’ The patient with this condition was shown at the 
meeting, and a coloured plate accompanies the note of the case. 


3. van Lint and Vaucleroy showed a patient in whom a 
fragment of iron had penetrated the centre of the lens, whence it 
had been removed by the electro-magnet. The scars on the 
anterior capsule, of its entry and exit, and its track in the substance 
of the lens were easily visible by means of the slit-lamp. The rest 
of the lens was clear, the vision equalled 0.5. 


4. Weekers read a paper on the Vision of Drivers of Auto- 
mobiles, in which, after drawing attention to the fact that no 
guarantee of the physical fitness of drivers is required, he proposed 
that a memorial should be addressed to the Government by the 
Society, advocating compulsory tests as to sight, etc. After dis- 
cussion it was decided to defer action. 


5. A contribution by Wibo and Alaerts on ethmoiditis with 
severe ocular signs, but without rhinoscopic or radioscopic signs, 
gave particulars of a man aged 19 years, in whom left exoph- 
thalmos came on rapidly without fever or severe pain. The papilla 
was oedematous, vision was 0.7. Repeated rhinoscopic examina- 
tion revealed nothing abnormal, nor did radiography help. Only 
on operative interference was the ethmoiditis found: the ocular 
lesions underwent immediate improvement and full acuity of 
vision was ultimately regained. 

6. van Duyse and van Weymeersch report a case of tuber- 
culosis of the lacrymal gland occurring in a female, aged 26 
years, whose only complaint was of swelling of both upper eyelids 
in their outer third. She showed cicatrices in the neck, and had 
had signs at the apex of one lung. One tumour was removed and 
examined microscopically; the diagnosis of tubercle was thus 
determined. The bacillus of Koch was not discovered in spite 
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of careful search. This corresponds with the experience of 
previous observers. Tuberculosis of the lacrymal gland is rare; 
it is met with in two forms, caseating and sclerosing. The case 
now reported belongs to the latter group. 


7. M. F. Brandes read a paper on ‘‘Blindness and Lethargic 
Encephalitis,’’ in which he related the case of a female, aged 20 
years, who lost the sight of the right and (eight days later) of the 
left eye. A noticeable feature of the case was the almost entire 
absence of ophthalmoscopic changes. The onset of serious cerebro- 
spinal symptoms led to trephining in the temporal region, but 
death ensued 15 days later. Post-mortem notes are not given. 

8. Bichelonne, in a short communication, emphasized the 
importance to patients of care in the choice and adaptation of 
ocular protheses. 


9. Gravidic amaurosis, incorrectly termed uraemic amaurosis : 
does it call for termination of pregnancy? Under this title 
Weekers and Missotten presented a long paper based on the 
case of a woman in the 8th month of pregnancy. Two attacks of 
amaurosis occurred : in the first no fundus changes were discover- 
able, in the second neuro-retinitis appeared in the left, and two 
days later in the right eye, and sight was reduced to finger count- 
ing. Three days after the failure of the right eye the pregnancy 
ended naturally at term. The child was healthy ; the woman made 
good recovery, and regained full acuity of vision. 

The authors discuss the many questions raised in such a case, 
and quote previous writers on this subject. They express the 
opinion that in gravidic amaurosis the prognosis as to sight is 
favourable; that its onset does not indicate a general toxaemia of 
great gravity endangering the life of the mother and child; and 
that by itself it is not an urgent indication for termination of the 
pregnancy. In deciding this point the whole clinical picture, and 
not merely the ocular symptoms must be the guide. 

10. Kleefeld’s paper is entitled ‘‘Induced adhesion of the 
conjunctiva and sclera, and its utilisation in muscle advance- 
ment.’’ His description of his method of operating for strabismus 
with the aid of the adhesions which he produces, must be read in 
the original paper. 


11. The final communication to the Congress was by MM. 
Bauwens, van Bogaert and Danis, on a case of ‘‘Amaurotic 
familial idiocy, of Tay-Sachs.’’ The child, aged 14 months, was 
the daughter of non-consanguineous Jewish parents. Symptoms 
developed at the age of seven months, and were in no respects 
unusual for this type of disease. 
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CORRESPONDENCE 


ROGER BACON AND PHILIP DE COLUMBIERS 


To the Editor of THE BRITISH JOURNAL OF OPHTHALMOLOGY. 


Sir,—In my article on the father of British optics in the BRITISH 
JOURNAL OF OPHTHALMOLOGY (Vol. XII, p. 3) there is a footnote 
drawing attention to a statement that Roger Bacon was set down 
in a plea roll of Henry II as brother to Philip de Columbiers ; and 
it was hinted that this must be a mistake for Henry III, as Bacon 
had not been born at the time of the death of Henry II. 

I am now in a position to clear the matter up. In Round’s 
Calendar of Documents. preserved in France, illustrative of the 
History of Great Britain and Ireland (1899), I find among the 
charters of the abbey ‘‘des (Dames) Blanches’’ at Mortain, an 
abstract of a charter of Henry II, dated circ. 1174. In it the King 
confirms to the nuns of Mortain twenty-five sestiers of wheat which 
Roger Bacun gave them in alms for ever, with the consent of 
Philip de Columbiers, his brother. 

A charter of Henry II to the Priory of St. Stephen, Plessis- 
Grimould, shows Roger Bacon making his peace with Philip, 
Bishop of Bayeux, for the death of Beatrice, his niece; here again 
he is set down as brother to Philip de Columbiers. The date of 
this deed is 1156-1162. In another deed, dated 1170-1175, I find 
Roger Bacon acting as a witness to a royal charter granted to the 
same priory. 

There can be no doubt of the correctness of the statement, but it 
does not follow that Roger Bacon, the father of British optics, was 
in any way connected with the Roger of these deeds. He certainly 
belongs to a later generation. 


Yours truly, 
R. R. James. 





WE regret to record the death at Johannesburg 

Death of M. Baranov, a promising young colonial - 
ophthalmic surgeon. He had been house- 

surgeon at University College Hospital, and senior house-surgeon 
at the Royal London Ophthalmic Hospital. He had been at work 
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in Johannesburg for the past four years, and held the post of 
assistant ophthalmic surgeon to the General Hospital. 


* * * * 


Oxford THE following are the office holders for the 
Ophthalmological current year :—Master, Mr. Bernard Cridland; 
Congress Deputy Master, Mr. P. H. Adams; Hon. 
Treasurer, Mr. R. J. Coulter; Hon. Secretary, Mr. C. G. Russ- 


Wood. 


Mr. D. G. Patwarthan has been appointed 
Appointments Honorary Ophthalmologist to the B. j. Medical 
School, Poona. 
Mr. R. P. Ratuakar has been appointed Lecturer in Ophthal- 
mology to the G. S. Medical College, Bombay. 


* * * * 


Royal London THe Annual Dinner oi Past and Present 


Ophthaimic Hospital Students of the Royal London Ophthalmic 
Dinner Hospital will be held at the Langham Hotel 


at 7 for 7-30 p.m., on Thursday, February 7, 1929. Chairman, 
C. H. Usher, Esq., Consulting Ophthalmic Surgeon to the Royal 
Infirmary, Aberdeen. 

Tickets, price [5s., may be obtained from Sir William Lister, 
24, Devonshire Place, W.1. It is: requested that a remittance 
accompany an application for a ticket. 


AN advanced course on spectacle work for 
ophthalmic surgeons will be held at the 
University Eye Clinic of Jena University from 

4th to 8th of March, 1929. H. Erggelet, H. Hartinger, W. 

Lohlein, M. von Rohr and von Skramlik will act as demonstrators. 

The price of the course is Rm. 30. Enquiries shouid be addressed 

to Professor Dr. H. Erggelet, Jena, Bachstrasse 18. 


Post Graduate 
Course in Jena 
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FUTURE ARRANGEMENTS 


1929 
January 11.—Se®tion of Ophthalmology, Royal Society of 
Medicine. 
February 1.—North of England Ophthalmological Society, at 
Liverpool. 


February 8.—Section of Ophthalmology, Royal Society of 
Medicine. 


March 1.—North of England Ophthalmological Society, at 
Newcastle-on-Tyne. 

March 8.—Section of Ophthalmology, Royal Society of Medicine. 
(Clinical Meeting). 


March 22.—North of England Ophthalmological Society, at 
Sheffield. 


April 11-138.—Ophthalmological Society of the United Kingdom. 
(Annual Congress). 


June 14.—Section of Ophthalmology, Royal Society of Medicine. 
(Annual Meeting). 


July 4-5.—Oxford Ophthalmological Congress, at Oxford. 


September 5-13.—International Congress of Ophthalmology at 
Amsterdam. 








CONTEMPORARY OPHTHALMIC LITERATURE 





American Journal of Ophthalmology. November, 1928. 


CHANCE, Burton. A case of sarcoma of the iris. 
Crapp,C.A. Free cyst in the anterior chamber. 
YounG, CHARLES A. Primary melanosarcoma of the iris. 
SILVA, RAFAEL. Surgical technique for the removal of subretinal cysticercus. 
WIENER, MEYER. Treatment of recurrent pterygium, 
WEEKS, WEBB W. Technique of theMotais operation for ptosis. 
FERRER, Horacio. Voluntary propulsion of both eyeballs. 
Spontaneous resorption of juvenile cataract. 
GIFFORD, H. The “ Mongolian Eye.”’ 
S1ssoN, RAMOND J. Gentian violet in ophthalmology. : 


The Journal of Ophthalmology, Otology and Laryngology. 
October, 1928. 


RUMSEY, CHARLES LESLIE. The eye in focal infection. 
ALEXANDER, GEORGE J. Deviated septums and their correction in young children. 
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Archives d’Ophtalmologie. November, 1928. 


MAJEWSKI, K. W. Epicorneal syndesmoplasty by means of an epiprosthesis. 
ROLLET, JACQUES. Intra-corneal injections. 

KLEIN, Eva. Ocular lesions in artificial silk factories. 

BARSAN. Intra-ocular cysticercus—secondary migration into anterior chamber. 
JEANDELIZE. The visual acuity necessary for motorists. 


Annales d’Oculistique. November, 1928. 
ROCHON-DUVIGNEAUD, A. The eye of the mole and its problems. 
Dupuy-DuTEmps, L. Palpebral lupus treated successfully by excision and 

grafting. 
CARRERE, |. Experimental tuberculosis of the cornea. 


La Clinique Ophtalmologique. August, 1928. 


HuDELO. Glaucoma—an asphyxiz.l syndrome of the eye. 


September, 1928. 


GERARD. Notes on ophthalmic practice. 


Revue Generale d’Ophtalmologie. May, 1928. 
Report of the 41st Congress of the French Ophthalmological Society. 
June, 1928. 


JUILLERAT and Kosy. Determination of the thickness of the living cornea with 

the slit-lamp. : 
July, 1928. 
No original articles. 


August, 1928. 


Kosy. The thickness of the centre of the cornea measured during life. 


September, 1928. 


No original articles. 


Archiv fiir Augenheilkunde. November, 1928. 


PoLEFF. On the appearance of anti-bodies in corneal explants. 

WINKLER-PRINS. Experimental ocular tuberculosis and its treatment with sano- 
krysin. 

LEVINSOHN. New way of combating myopia. 

TAGAWA. On the dispersion of the refractive media of the eye. 

ACHERMANN. On the action of theophyllin on the permeability of the boundary 
between blood and aqueous in the human eye, 

OHM. Oblique strabismus. 

KAUFMANN. Experimental researches on optochin iontophoresis. 

BRAUN. Binocular vision after keratoplasty and operation for squint. 

MEUMANN. On the non-congenital form of hereditary ptosis. 

INCZE. On the correct determination of the blind spot. 

DIETER. The measurement of intra-ocular blood pressure and its meaning in the 
elucidation of the glaucoma problem. 


Klinische Monatsbiatter fiir Augenheilkunde. November, 1928. 


JuNG. On the diagnosis of chiasmal lesions. 

WEIss. Puncture injury of the optic tract. 

ORLOFF. Malta fever and the eye. 

GINZBURG. On the ocular changes in congenital heart disease with polycythaemia. 
LOWENSTEIN. Onclinics for ocular tuberculosis. 

HAMBURGER. Intraocular tension and ocular inflammation. 
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-ApIN. The aplanatic principle of tonometry in the light of manometric 

investigations. , 

VON VajpaA. On the question of the gradation of form vision. 

Bursuk. On the possibility of inducing gonorrhoeal ophthalmia in rabbits. 

ONKEN. A case of naevus flammeus of the face with bilateral retinal detachment. 

ELSCHNIG. A scleral window for the freeing of the uvea, 

THIER. Criticism of Kreiker’s ‘'Oral mucous membrane implantation in the 
intermarginal zone.”’ 

Haass. A new instrument for cataract operations. 

ASCHER. On the improvement of the immobility of the eye in cataract operations. 

LINDBERG. Abnormal length of palpebral fissure corrected by tarsorrhaphy. 

WIEGMANN. Is Knapp's tattooing quite harmless ? 

PoLLack. On the treatment of rheumatic iritis with apikosan. 

GOGLER, On treatment with Protinal A and B. 

MERKULOW and SCHICK. X-ray treatment of interstitial keratitis. 

VOGELSANG. On haemorrhage into the anterior part of the eye in blue sclerotics. 

PADERSTEIN. On the question of the remote effects of iron splinters in the eye. 


Annali di Ottalmologia e Clinica Oculistica. November, 1928. 


LuPPINO. Blood pressure and cataract. 
Rizzo. Scimemo’s apparatus for measuring the base line. 
SCALZITTI. Micosis of the palpebral conjunctiva.’ 


Bolletino d’Oculistica. October, 1928. 


DE LIETO VOLLARO. Removal of a living sub-reiinal cysticercus near the optic 
nerve with permanent conservation of sight. 

MORELLI. Contribution to the study of Doyne’s choroiditis. 

RENI. Astigmatism against the rule and glaucoma. 

CINLLINI. A case of dacryocystitis from the diplobacillus liquefaciens of Petit. 


Lettura Oftalmologica. July, 1928. 
LAFERLA. Clinical and experimental study of corneal tattooing with gold chloride. 
Baguis. Contribution to the study of neoplasms of the caruncle and plica. 
August, 1928. 


DENTI. Myopia and glaucoma. 
Vita. On the adhesion of the capsule to the nucleus in capsular cataract. 
La FERLA. On the surgical treatment of keratoconus. 


September, 1928. 
NEUSCHLIELER. Tobacco amblyopia. 
SALVATI. ‘The histochemistry of the intraretinal fluid in the diagnosis of certain 
cases of detachment. 


Archivos de Oftalmologia de Buenos Aires. July, 1928. 
ARGANARAZ. Dacryorhinostomy or excision of the lacrimal sac ? 
SATANOWSKY. Encephalo-meningeal syphilis. 

GIL. Chronic suppurative tonsillitis and iritis. 
CourRTIS. Consideration of two cases of conjunctival tuberculosis. 


Archivos de Oftalmologia Hispano-Americanos. November, 1928. 


La CARRERE. Biomicroscopy of the cornea illuminated by a lamp with a double 
slit. 

DE CARALT. Mycotic episcleritis. 

JUNCEDA. Static electricity in the treatment of cataract. 


Revista Oto-Neuro-Oftalmologica. 
FERRER. Voluntary propulsion of the eyes. 





